Purpose: To identify whether histopathologic presence of neovascularization is predictive for allograft failure following penetrating keratoplasty for herpes simplex virus (HSV) keratitis.
P atients undergoing penetrating keratoplasty (PKP) for sequelae of herpes simplex virus (HSV) keratitis are at higher risk for adverse corneal allograft outcomes when compared to individuals undergoing grafting for conditions such as keratoconus and Fuchs' corneal dystrophy. 1, 2 The postoperative course can be complicated by high rates of HSV recurrence, graft rejection, and graft failure. [3] [4] [5] [6] Our prior histopathologic and immunopathologic evaluation of inflammation and inflammatory biomarkers in host corneal tissue removed at the time of PKP revealed that these features are predictive for allograft rejection. 7 In this study, we examined excised host corneal tissue from a series of patients undergoing PKP for visual rehabilitation following active HSV keratitis to identify whether histopathologic neovascularization is predictive for allograft failure.
MATERIALS AND METHODS

Patients
All PKPs performed for sequelae of HSV keratitis at the University of Michigan from August 1990 to December 2000 were included in this study. A total of 79 allografts were performed on 73 patients. Data were not available for 3 patients. Six patients were grafted twice during this time period and only their first grafts were eligible for inclusion, resulting in a total of 70 allografts. Eight other patients had primary grafts done prior to 1990 and had subsequent grafts done during our study period. These repeat keratoplasties were excluded, leaving 62 primary grafts in this study.
All surgeries were performed by corneal subspecialists. Charts were reviewed for the following information: diseasefree time before surgery, quadrants of preoperative host vascularity, HSV recurrence, allograft rejection, allograft failure, and histopathologic presence of inflammation and neovascularization in the excised corneal tissue. This study received institutional review board approval at the University of Michigan Medical Center.
Active HSV keratitis was diagnosed by the presence of dendritic or geographic epithelial keratitis and/or ulceration. HSV keratouveitis was identified by the presence of keratic precipitates (KP) on both the donor and host endothelium. Graft rejection is often difficult to distinguish clinically from HSV recurrence, but was specifically defined in this study as an endothelial or epithelial rejection line, subepithelial infiltrates, an anterior chamber reaction with KP on the donor endothelium only, or graft edema with associated KP on the donor endothelium only. Graft failure was defined as irreversible loss of graft clarity. Clinical quiescence of HSV infection was defined as no change on clinical examination for at least 6 months.
Postoperative oral acyclovir prophylaxis was prescribed in 51 (85%) of the 62 patients. The initial dose used was variable, as was the tapering regimen. However, patients were on at least 800 mg per day for an average of 6 months, and at least 400 mg per day for an average of 17 months. Postoperative topical prednisolone acetate 0.1% eye drops (averaging 4 times daily and subsequently tapered) were used in all patients. Episodes of HSV recurrence were treated with oral acyclovir or trifluridine eye drops (Viroptic, Glaxo Wellcome). Episodes of rejection were treated with prednisolone acetate 1% eye drops, tapered over several weeks.
Pathology
Each specimen removed from all 62 patients was examined grossly for regions of maximal vascularization, opacity, and variations in thickness. The specimen was then bisected along a secant 0.5 mm from and parallel to the diameter demonstrating (in order) maximal vascularization, opacity, or variable thickness. After routine processing, 6-mm paraffin step sections were obtained at 100-mm intervals for 1 mm of the specimen, straddling the diameter of maximal gross pathology. The paraffin sections were stained with hematoxylin and eosin. The sections from each specimen were evaluated and graded in the week subsequent to its removal by an ophthalmic pathologist (VME) who was masked as to all clinical details except for the diagnosis.
Each of the 62 specimens was rendered a pathologic diagnosis and graded for the presence of inflammation (none visible, present) and for the presence of neovascularization (none visible, present).
Statistical Analysis
The clinical and histopathologic data were analyzed using the chi square test, Fisher's exact test, analysis of variance, Kaplan-Meier survival curves, the log rank test, and Cox regression. Unless otherwise indicated, data are given as means 6 SD. SAS 9.0 statistical software (SAS Institute, Cary, NC) was used for the data analyses and comparisons.
RESULTS
The average patient age at surgery was 55 6 22 years (range, 5-85 years) and the average disease duration was 19 6 12 years (range, 0.25-72 years). Fifty-three percent of patients were female. The average duration of clinical quiescence before surgery was 50 6 78 months (range, 3-360 months). Average follow-up was 43 6 32 months (range, 3-142 months). Indications for surgery were corneal scarring in 60 (97%) patients, descemetocele in 1 (1.5%), and perforation in 1 (1.5%). Nine (15%) patients had an HSV recurrence in their allograft during the study follow-up; 1 patient manifested with keratouveitis, 1 with geographic epithelial keratitis, and the remaining 7 with dendritic epithelial keratitis.
Histopathologic evidence of neovascularization was seen in 19 (31%) of the specimens excised during PKP. The histopathologic presence of neovascularization in the removed host corneal tissue was predictive for graft failure (P = 0.002, log-rank test; Figure 1 ). Of the 19 patients whose corneal specimens exhibited neovascularization, 4 (21%) subsequently had graft failure. In contrast, none of the 43 patients whose corneal tissue did not have neovascularization developed graft failure. Of the 19 patients with histopathologic evidence of neovascularization, 5 (26%) experienced an HSV recurrence.
In the remaining 53 patients without histopathologic neovascularization, only 4 (8%) experienced an HSV recurrence. Kaplan-Meier analysis shows that histopathologic evidence of neovascularization was associated with an increased rate of HSV recurrence (P = 0.05, log-rank test) in the allograft.
Corneal neovascularization was clinically present preoperatively in 39 (63%) patients, and was seen histopathologically in 19 (31%) of the specimens excised during PKP. All of the corneal specimens with histopathologic evidence of neovascularization were from patients who had clinical corneal neovascularization preoperatively. There was a statistically significant association between the extent of preoperative neovascularization and the histopathologic presence of inflammation (P = 0.01, extended Fisher's exact test) in the excised corneal tissue. Thirty (77%) of the 39 patients with clinical evidence of neovascularization preoperatively were found to have histopathologic evidence of inflammation.
DISCUSSION
Numerous prior studies have shown that the preoperative clinical presence of neovascularization is a risk factor for corneal allograft failure. [8] [9] [10] Further, allograft rejection episodes have been shown to be more difficult to treat in patients with preoperative clinical neovascularization. 11 Very little prior research has been done evaluating the histopathologic features of corneal tissue removed at the time of corneal transplantation. One study published in 2004 by Branco and associates, 12 looked at the records of all corneal tissue submitted from 1972 to 2001 to the pathology laboratory at the University of California at San Francisco. There were 4,207 grafts performed, 76 (1.8%) of which were for HSV keratitis. They reported on the pathological findings in corneas with a clinical diagnosis of HSV keratitis including neovascularization in 59%. The authors did not comment on what effect the presence of this finding had on subsequent allograft failure or HSV recurrence.
We found that the histopathologic presence of neovascularization in the corneal tissue is an important predictor of graft failure (P = 0.002). Its presence within the central corneal tissue that is removed at the time of PKP probably indicates that these patients had severe stromal disease placing them at higher risk for subsequent failure. The histopathologic presence of blood vessels in the corneal tissue indicates that the neovascularization extends to the edge of the host corneal bed and is therefore present at the graft margin at the time of transplantation. In the cohort of patients in this study, the preoperative clinical presence of neovascularization did not correlate with poor allograft outcomes. 13 However, the histopathologic presence of neovascularization correlated with increased rates of allograft failure and HSV recurrence. Identifying these features in patients and their excised tissues may be helpful in identifying the patients who are at highest risk for adverse allograft outcomes. These patients would have the most to gain from careful postoperative monitoring. These findings are of practical significance to the clinician in care of patients after PKP.
Corneal neovascularization was present preoperatively in 63% of patients on clinical examination. However, it was only found histopathologically in 31% of the specimens excised during PKP. This discrepancy may have resulted from clinical examinations which documented peripheral preoperative corneal neovascularization in tissue not removed during PKP. Less likely is that histopathologic sectioning did not include an axis involved with neovascularization as the specimens were examined under a dissecting microscope and sectioned along the axis of greatest neovascularization as described above.
There was a statistically significant correspondence between the presence of preoperative clinical corneal neovascularization and the histopathologic presence of inflammation in the same corneal specimens after removal at PKP (P = 0.01). This suggests that corneal neovascularization is an important preoperative clinical factor indicative of actual inflammation in the diseased cornea. This association between preoperative clinical corneal neovascularization and the histopathologic presence of inflammation in the excised tissue has important pathogenetic and clinical implications. Neovascularization may be essential to the delivery of cellular and serum components of inflammation and host immune responses, setting the stage for graft rejection and failure. 14, 15 Despite the retrospective nature of this study, the histopathologic features of neovascularization in the removed host corneal tissue were well defined, as were the clinical endpoints of allograft failure and HSV recurrence. This lends confidence that the conclusions drawn from the study are likely to be true and clinically relevant. Moreover, as the histopathologic findings were determined in tissue grossed and processed in the usual fashion for corneal surgical pathology specimens, the observations made are relevant to routine clinical practice. This establishes a role for the pathologist in assisting the clinician in their choice of postoperative patient management.
